Protein engineering that changes intragenic amino acid residues at particular positions is most likely vested with the power to enhance the thermostability of enzymes. Indeed, in vitro mutagenesis of M13mplOkan, in which the structural gene kan for kanamycin nucleotidyltransferase (KNTase) was cloned, could give rise to some pieces of thermostable KNTases (5, 7, 8) . Meanwhile, the technique of site-directed mutagenesis could be used as a more rational means of improving the thermostability of enzymes; for instance, the thermostability of neutral protease from Bacillus stearothermophilus could be designed by this means to approach that of another neutral protease (thermolysin) from Bacillus thermoproteolyticus (1) .
It is well known that an enzyme, when immobilized, sometimes turns out to be more resistant to heat and chemicals than the native enzyme (4) . However, the current state of the art does not provide any direct answer to the question of what the stability of a given enzyme would be after immobilization. Hence, there arises the problem of whether or not single-amino-acid replacements that endowed an enzyme with thermostability can similarly work on the immobilized enzyme. This problem is worth examining.
Following the precedent set in previous works (5, 7, 8) , thermostabilities were thus studied in free as well as immobilized forms of four species of KNTases; three of these species were obtained elsewhere, whereas the other was the product of this work. DNA and amino acid sequences of four species of KNTases used are given in simplified form in Fig.  1 . A mesophilic wild-type enzyme (M/WT) is encoded on plasmid pUB110 (row 2, Fig. 1 ) (6) . A thermophilic vector plasmid, pTB913, carries another wild-type enzyme (T/WT) (row 3) that is different from M/WT in amino acid sequence at position 130 (6) . A mutant enzyme, M/Y80 (row 1), was obtained by mutagenesis of M/WT, which resulted in the replacement of aspartate with tyrosine at position 80 (5, 7, 8 ). An additional mutant enzyme, T/K102 in pTRA913 (row 4), the origin of which was pTRA117 (2), was derived from T/WT through another mutagenesis (2); DNA sequencing of T/K102, done here by the dideoxy chain termination method (10) , revealed that glutamine at position 102 was replaced with lysine. All four KNTases, i.e., M/WT, M/Y80, T/WT, and T/K102, were prepared and purified from Escherichia * Corresponding author. coli JM83(pUB110), E. coli JM83(pUC12kan(Y80)), B. stearothermophilus CU21(pTB913), and B. stearothermophilus CU21(pTRA913), respectively, as described previously (2, 
5-7).
The cyanogen bromide method as modified by Srere et KNTases prepared and purified so far were exposed to various temperatures in the same way as mentioned previously (8) . The first-order inactivation rate constant kd was determined from the slope of a semilogarithmic plot of the remaining activities against incubation time.
Values of kd determined thus far were plotted against the reciprocal of the absolute temperature (Fig. 2) ; clearly, the effect of temperature on the thermal inactivation rate of KNTase could be represented by the Arrhenius equation both in free (open symbols) and in immobilized (closed symbols) states. Data for the free states of KNTases M/WT, M/Y80, and T/WT in the previous study (8) were well reproduced here, although in the previous study these enzymes were prepared from E. coli JM101 and denoted as WT, Y80, and K130, respectively (8) .
Specified temperatures (T*) at which kd = 0.5 x 10-3 S-1 for all KNTases used are summarized in Table 1 ), despite the fact that the same replacement in free KNTase yielded an increase in LAT* of +1.9 K.
The result mentioned here in Table 1 incidentally presents evidence that the thermostability enhancement in the free state of KNTase due to the single-amino-acid replacements could not always be guaranteed when the enzyme was immobilized. It was not possible to extrapolate a general picture from the particular change of Gln-102 to Lys that produced different results in free and immobilized KNTases. The contrasting results are, nevertheless, interesting and significant from a standpoint of pursuing further mechanisms of immobilization and stabilization of enzymes.
It is worth mentioning briefly the activation energies (E) of kd in Table 1 the species and position of single-amino-acid replacement also influenced the E value of free KNTase; however, this effect on E values was overshadowed by that due to immobilization. This is another point that merits further study.
